We study N = 4 supersymmetric Yang-Mills theory on a Kähler manifold with b + 2 ≥ 3. Adding suitable perturbations we show that the partition function of the N = 4 theory is the sum of contributions from two branches: (i) instantons, (ii) a special class of Seiberg-Witten monopoles. We determine the partition function for the theories with gauge group SU (2) and SO(3), using S-duality. This leads us to a formula for the Euler characteristic of the moduli space of instantons.
Introduction
In the paper [1] Vafa and Witten presented strong evidence for S-duality of N = 4 super-Yang-Mills theory [2] . They used a topological, twisted version of the N = 4 theory [3] [4] and were able to determine the partition function of N = 4 super-Yang-Mills theory on certain Kähler manifolds. In particular they identified the partition function with the Euler characteristic of the moduli space of instantons, provided certain vanishing theorems hold.
This paper is an elaboration and generalisation of the work of Vafa and Witten. We want to determine the partition function for a general compact Kähler surface X with b + 2 ≥ 3. The twisted version of N = 4 super-Yang-Mills theory studied by Vafa and Witten is an important example of a balanced topological field theory as defined in [5] (see also [6] [7] [8] ). These topological field theories carry two topological supercharges. On a Kähler manifold the number of topological charges is extended to four, and these charges may be interpreted as the differentials of a Dolbeault version of balanced G-equivariant cohomology [9] , where G is the group of gauge transformations. Our computation of the partition function involves a a series of perturbations which break the supersymmetry down to N = 2 and N = 1 (topological) supersymmetry.
The perturbation down to N = 2 is achieved by adding a bare mass term for the hypermultiplet. Geometrically, this term may be viewed as the equivariant momentum map of a G × S 1 -action on the hypermultiplet. 1 As a result of its inclusion in the action, the path integral is localised on the fixed point set of the G × S 1 -action, which consists of two branches: (i) the moduli space of anti-self-dual connections, (ii) the moduli space of a certain class of Seiberg-Witten monopoles [11] . Perturbing further down to N = 1, following [12] , leads to the factorization of the Seiberg-Witten classes contributing to branch (ii).
Specializing to gauge groups SU (2) and SO(3) we propose a formula for the branch (ii) contribution on a general Kähler manifold with b + 2 ≥ 3. Then S-duality of N = 4 super-Yang-Mills theory enables us to determine the entire partition function. As a corollary we obtain a formula for the Euler characteristic of the moduli space of instantons (branch (i)). Finally we consider the pure N = 2 limit and obtain the essential part of Witten's formula for Donaldson invariants [11] .
Prelude
Here we briefly review the notion of a balanced topological Yang-Mills theory [5] , which is a twisted N = 4 theory [1] . The topological field theory computing the Euler characteristic of certain moduli spaces was studied in [6] and [7] . (See [8] for the precise relation of the earlier work [6] with [5] .) We also recall salient features of topological Yang-Mills theory [3] on a Kähler manifold [9] [13].
Balanced Topological Yang-Mills Theory
Let M be a compact Riemann four manifold and E be a SU (n)-bundle over M . The bundle E is classified by the instanton number
where Tr is the trace in the fundamental representation of SU (n) and F ∈ Ω 2 M (g E ) is the adjoint valued curvature 2-form on M . We denote the group of gauge transformation by G, i.e. elements of G are maps g : M → SU (N ).
We introduce two global supercharges Q ± carrying an additive quantum number (ghost number) U = ±1. They satisfy the following commutation relations:
where δ φ denotes the gauge transformation generated by an adjoint scalar φ ∈ Ω 0 M (g E ). The charges Q ± can be interpreted physically as the twisted supercharges of N = 4 super-Yang-Mills theory [1] or mathematically as the differentials of balanced G-equivariant cohomology [5] .
To have a complete representation of this algebra one needs to impose a consistency condition (Bianchi identity) which is conveniently summarised in the following quintet of fields U = +2
(2.3)
Here ր and ց represent the action of Q + and Q − respectively. The diagram then expresses the requirement that acting with Q + and Q − on the triplet (φ ++ , φ +− , φ −− ) one generates in the indicated manner a space which is spanned by the doublet (η + , η − ). Since our global supercharges are scalars we have η ± ∈ Ω 0 M (g E ). We will sometimes use the notation φ ++ = φ, φ +− = C and φ −− =φ.
Next we have to choose the basic field of our theory. Here we take a connection 1-form A. Acting with the supercharges will then generate three further fields ψ ± , H ∈ Ω 1 M (g E ). This leads to the basic quartet of any balanced topological field theory. To define the theory we want to study here we also need a self-dual adjoint-valued two-form B, which leads to another quartet. These two multiplets are summarised in the following picture:
Balanced topological field theory is uniquely determined by its field content and the balanced algebra, and moreover has the pleasant property that there is no U -number anomaly: any fermionic zero-mode has a partner with the opposite U -number.
The action functional can be written as
The bosonic part of the action functional is given by
where d + A denotes the projection of d A to the self-dual part. We integrate out H + and H using the algebraic equation of motions
and a Weitzenböck formula. We get
(2.9) where R is the scalar curvature of X and W + is the self-dual part of the Weyl tensor. The resulting action is invariant under Q ± if we modify the transformation laws of χ ± according to the replacement (2.8). Due to the fixed point theorem of Witten for global supersymmetry the path integral is localized on the fixed point locus of Q ± . This locus is given by the following equations:
These equations are equivalent to the equations in section 2.4 of [1] and we call them the Vafa-Witten equations. The equations for fermionic zero-modes are just the linearization of the fixed point equation (2.10) and the condition that they are orthogonal to gauge orbits. Due to the balanced structure each fermionic zero-mode has a partner with the opposite U -number. Thus there is no ghost-number anomaly and the partition function is well-defined.
Topological Yang-Mills Theory
Both Q + and Q − individually satisfy the N T = 1 supersymmetry algebra; mathematically both may thus be thought of as differentials of G-equivariant cohomology. Concentrating on Q + we obtain the algebra for the original topological Yang-Mills theory [3] .
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Now we no longer have a balanced structure and expect U-number anomalies. This model has well-known non-trivial observables representing Donaldson's map [14] O 0 = 1 8π 2 M Tr (F ∧F ),
where γ i ∈ H i (M ) and the subscript denotes the U -number. The expectation values of the observables define Donaldson invariants.
We shall now see that one can obtain topological Yang-Mills theory from balanced topological Yang-Mills theory by introducing mass terms for ψ − , φ +− , η + , B + , χ + , provided the underlying four-manifold is Kähler.
Topological Yang-Mills theory on a Kähler manifold
Let X be a Kähler surface with the Kähler form ω. For a SU (n) bundle E over X we have the space A of all connections, which is an affine space. A tangent vector on A can be represented by an element of Ω 1 (g E ). Picking a complex structure I in X we can introduce a complex structure on A by the decomposition T A = T 1,0 A ⊕ T 0,1 A and the identification δA ′ ∈ T 1,0 A where δA ′ ∈ Ω 1,0 X (g E ). We also have a Kähler structure on A with the Kähler formω
Any self-dual two-form α + can be decomposed as
where α 0,2 ∈ Ω 0,2 X and α 0 ∈ Ω 0 (X). In particular, an anti-self-dual connection A satisfies
We denote the moduli space of anti-self-dual connections by M.
Since a Kähler surface has U (2) holonomy, the number N T of topological supersymmetries is doubled. Thus N T is identical to the number N of physical supersymmetries of the underlying super-Yang-Mills theory. So we will use N to denote both the number of topological and physical supersymmetries. Then the supersymmetry generator Q + (2.11) can be decomposed as Q + = s + +s + with the commutation relation
The supercharges s + ands + are the differentials of the Dolbeault version of G-equivariant cohomology [9] . There is a natural bi-grading (p, q) such that the original ghost number U is given by U = (p + q) and there is a new ghost number R given by R = (p − q). The N = 2 supercharges s + ands + are assigned the following degrees
Indicating the action of s + by ր and the action ofs + by ց, the field contents and R-number assignments are
This diagram shows that the model is balanced in terms of the R-number. The net U -number, however, is generally non-vanishing and equals the formal dimension of the moduli space of anti-self-dual connections.
One can further break half of the N = 2 symmetry by introducing mass for the N = 1 matter multiplet (N = 1 chiral multiplet) [12] . The required perturbation makes use of a holomorphic two-form ω 0,2 ∈ Ω 0,2 X and was essential in the development of Donaldson and Seiberg-Witten theory. One can also deform topological Yang-Mills theory to holomorphic Yang-Mills theory [9] .
N = 4 Theory
In this section we study N = 4 super-Yang-Mills theory on a Kähler surface.
N = 4 Supersymmetry
Naturally we can carry out the decomposition of Q + also for Q − . Thus we write Q ± = s ± +s ± and have
We have natural assignments of the degrees (p, q) to the super-charges s ± ,s ± by s + : (+1, 0),s + : (0, +1),
The corresponding ghost numbers follow from the formulae for U and R given in Sect. 2.3, and one checks that the above assignment is consistent with the ghost number assignment for Q + and Q − given earlier.
The operators δ = s + ⊕s − andδ =s + ⊕s − can be interpreted as the holomorphic and the anti-holomorphic differentials on iterated superspace [5] . Then, similarly to (2.16), we have
where Φ is the gauge transformation generator. According to our bi-grading, we can decompose Φ into components Φ = φ ++ ⊕φ +− ⊕φ −− with degree (1, 1), (0, 0) and (−1, −1), respectively. Now (3.3) reduces to
These equations define a Dolbeault version of balanced equivariant cohomology.
The Fields and Algebra
It is convenient to represent the action of various supercharges by two-dimensional vectors in the (p, q) = (U + R, U − R)/2-plane:
We represent the various fields by points in the (p, q)-plane. Then, the commutation relations (3.4) can be represented by simple diagrammatic rules. In order to obtain all the components of the N = 4 superfields it is necessary and sufficient to introduce two basic fields, the connection A and an adjoint self-dual two form B + . We decompose the connection 1-form A, A = A ′ + A ′′ according to the complex structure. We decompose the self-dual 2-form B ∈ Ω 2
The fields B + and C are elements of the space
where S + is the positive spin bundle over X. We define a complex structure of this space by declaring B 2,0 and D to be holomorphic coordinates.
The fields quartet and the equations quartet in (2.4) can be decomposed into holomorphic and anti-holomorphic quartets. The holomorphic quartets are
and the anti-holomorphic quartets arē
The consistency quintet in (2.3) together with the scalar part of the equation quartet (2.4) has an anti-holomorphic and a holomorphic part
(3.10) and the following remainderη
The fields contents show that we have balanced structures with respect to both U and R numbers. The explicit form of the superalgebra is worked out in the Appendix. Now let us compare the field contents of our model with the field contents of N = 4 super-Yang-Mills theory. The latter may be viewed as N = 2 theory with an adjoint hypermultiplet or as N = 1 theory with three adjoint N = 1 chiral supermultiplets. After twisting, the N = 2 vector multiplet is given by
where we omitted the auxiliary fields. This is the same as the field content of the Kähler version of twisted N = 2 super-Yang-Mills theory with supercharges s + ,s + . The remainder corresponds to the twisted N = 2 hypermultiplet:
The Action Functional
The action should carry zero U and R numbers and be annihilated by all four supercharges. We also require that the action potential has zero U and R numbers. Then the action can be written as
and
Collecting the terms in the action which depend on the auxiliary fields:
we can integrate H 2,0 , H 0,2 , H 0 using the following replacement
Similarly H 1,0 , H 0,1 are integrated out by the replacements
where we used the Kähler identities [C, B 0,2 ] = 0,
and, for the symmetries generated by s − ands − :
After the replacement of the auxiliary fields according to (3.18) and (3.19) these equations become F 0,2 = 0,
These are the Vafa-Witten equations on a Kähler manifold and were derived in a different way in section 2.4 of [1] . Already at this point we could exploit the S 1 -action and the resulting localization pointed out in [1] . However, we will find that it is more useful to return to this point in a more general framework.
Breaking to N = 2 and N = 1 Theories
The path integral of any cohomological theory is localized on the fixed point locus of the global supersymmetry. We examine how the fixed points are changed when we perturb the original N = 4 theory to N = 2 and N = 1 theories by introducing bare masses for the matter multiplets. The bare mass for the N = 2 hypermultiplet will be introduced by exploiting a global S 1 -action on the adjoint hypermultiplet. The path integral is then localized on the fixed point locus of the unbroken N = 2 symmetry, which has two branches: branch (i) is the moduli space of anti-self-dual connections, branch (ii) is the moduli space of a special type of abelian Seiberg-Witten monopoles. We will further break the supersymmetry down to N = 1 to get the perturbed Seiberg-Witten equation in branch (ii). The last step is crucial in order to achieve the factorization of the Seiberg-Witten basic class. The procedure in this section should be understood in conjunction with the more physical approach taken by Vafa and Witten in section 5 of [1] .
Perturbation to N = 2 Theory
In order to break the supersymmetry down to the N = 2 supersymmetry generated by s + ands + we consider the following infinitesimal S 1 -action
where D = C + iB 0 and m is a positive real parameter which may be interpreted as the generator of the Lie algebra of U (1). This S 1 -action is the unbroken part of the global SO(4) symmetry rotating the components of the two complex bosons C and B + of the untwisted N = 2 hypermultiplet. We want to extend the G-equivariant cohomology to G ×S 1 -equivariant cohomology. Then it is natural to assign U -number 2 to m. Differentials of the extended equivariant cohomology have the following commutation relations
where δ m is defined in (4.1). Note that we maintain the relation s 2 + =s 2 + = 0. Altogether we thus have the following new s + ands + transformation laws:
The action is still defined by the formula (3.14), but using the modified transformations laws (4.3) one obtains the new expression
which contains new m-dependent terms. Physically, these terms are part of the mass term for the hypermultiplet. To get the remaining terms we digress briefly.
Recall that the bosonic components of the hypermultiplet are C, B 0 and B 2,0 , B 0,2 , which are elements of the space Γ(∧ 2 (S + ⊗ E)) (3.7). The G × S 1 action on that space preserves the complex structure introduced after (3.7). We can further introduce a G × S 1invariant inner product and Kähler structure. The Kähler potential is defined by Note that the terms proportional to m and to φ are the momentum maps of the S 1 and G actions respectively. The remaining terms are the Kähler form on Γ(∧ 2 (S + ⊗ E)).
The equivariant Kähler form I κ can now be used to construct the promised mass terms, which we define to be 4m e 2 I κ . Now all elements of the hypermultiplet have acquired a bare mass, except for (ψ − ,ψ − ). The required mass term for these fields has the form 4m
Putting all the mass terms together we thus get the N = 2 symmetric action S 2 (m) = S 4 (m) + 4m
which includes all the bare mass terms for the N = 2 hypermultiplet (3.13).
As an aside we note that the term I ω is s + ands + symmetric only on shell i.e. only if the equations of motion forχ 0,2 + ,η + and χ 2,0 + , η + are used. For example we have
where we used Kähler identities and the replacement (3.19) . The first and second terms on the RHS of (4.9) vanish by virtue of the equations of motion forχ 0,2 + andη + respectively. Thus, if one starts out by adding the mass term 4m e 2 I ω to the action S 4 one is forced to change the s + ands + transformations of the fields according to (4.3) in order to preserve the invariance of the total action under s + ands + .
The new N = 2 supersymmetric action S 2 (m) contains no additional terms in H 2,0 , H 0,2 , H 0 and H 1,0 , H 0,1 compared with S 4 . Thus integrating out these fields leads to the same replacements as given in (3.18) and (3.19) . With these replacements we can now collect the fixed point equations for the unbroken supersymmetry generators s + and s + . From (3.21) we have In studying solutions of these fixed point equations we specialize to the gauge group SU (2). First of all, (4.11) implies that φ should be diagonalized in the fixed points. Thus we have two branches Branch (i):φ = 0, i.e. the gauge symmetry is unbroken. Then (4.12) implies that B 2,0 , B 0,2 and D,D vanish. So the fixed point equation (4.10) reduces to the anti-selfduality equation for the connection A: F + A = 0.
Branch (ii): φ = 0, i.e. the gauge symmetry is broken down to U (1). Thus the bundle E splits into line bundles , E = L ⊕ L −1 with L · L = −k, and φ = iφ a T a takes the form φ = iat 3 . Then the only non-trivial solutions of (4.12) are, with m + a = 0:
Then (4.10) reduces to F 0,2
Hereᾱ is a section of L −2 and β is a section of K −1 ⊗ L 2 , with K denoting the canonical line bundle. To make progress it it is useful to regard the above equation as a perturbation of another equation. To achieve this note that
so that we can write
This is a perturbation of the Seiberg-Witten equation [11] for a spin c structure ζ = K −1 ⊗ L 4 ; this fact will be crucial in the next section. For later use we also note that c 1 (ζ) = w 2 (X) modulo 2 since c 1 (K) = w 2 (X) mod 2. The Dirac equations in (4.10) becomē
Perturbation to N = 1 Theory
We can further break the remaining N = 2 symmetry down to N = 1 by introducing a bare mass for the N = 1 matter-multiplet. We will do this preservings + -symmetry. Note that, among the N = 2 vector multiplet given by (3.12) , the N = 1 matter multiplet consists of (ψ + , φ,φ,η − ,χ 0,2 − ).
The required mass term involves an anti-holomorphic two-form ω 0,2 and has the form 4 e 2 I ω 0,2 = 4 e 2 X Tr (ψ + ∧ ψ + ) ∧ ω 0,2 . then the new action S 2 + I ω 0,2 enjoyss + -symmetry. Sinces + φ = 0, we still have the propertys 2 + = 0. In this way one component of the N = 1 chiral superfield ψ + has obtained a mass. To give mass to the remaining components in the N = 1 matter multiplet we add the followings + -exact terms to the action
(4.20)
A similar prescription for breaking pure N = 2 theory down to N = 1 was given by Witten in [12] .
To sum up, the total action S 1 (m, ω 0,2 ) = S 2 (m) + 4 e 2 I ω 0,2 + 4 e 2 I φφ , (4.21)
has onlys + supersymmetry and all the matter multiplets have a bare mass.
The action S 1 (m, ω 0,2 ) contains new H 2,0 -dependent terms compared to S 2 (m) and therefore integrating out the auxiliary field modifies the replacement formulae (3.18) . Substituting the modified formulae into the fixed point equations (4.10) leads to
while (4.11) and (4.12) remain unchanged. Thus there are again two branches and it is easy to see that the fixed point equation for branch (i) is unchanged, while the equations for branch (ii) become:
where ζ = K −1 ⊗L 4 . This is a perturbed version of the Seiberg-Witten equation, containing the perturbation introduced by Witten in [11] . In can be shown, following Witten, that the first of these equations is equivalent to This gives the crucial factorization condition of the Seiberg-Witten basic classes.
Analysis of Branch (ii)

A Selection Rule
Our analysis of branch (ii) exploits the relation of the the defining equations with the the Seiberg-Witten equation.
As a first step we need to classify which Seiberg-Witten classes contribute to branch (ii). For an arbitrary spin c structure x, which can always be written in terms of an arbitrary integral line bundle ξ as The inclusion of the perturbation in (4.23) further implies that we also have to satisfy the factorization condition αβ = ω 0,2 , where we have scaled m = 1 in (4.24).
Let the canonical divisor K be given by K = i r i C i , where the C i are irreducible components. The factorization means that
where s i are integers with 0 ≤ s i ≤ r i and I is the trivial line bundle. Thus, the question of which Seiberg-Witten classes contribute to branch (ii) reduces to finding line bundles L satisfying L · L = −k and
Now let x be a Seiberg-Witten basic class. If (x 1/4 ⊗ K 1/4 ) exists as a line bundle, then the associated SW invariant n x contributes to the path integral in branch (ii). Note that (x 1/2 ⊗ K 1/2 ) always exist as a line bundle. The question is thus whether the square root of (x 1/2 ⊗ K 1/2 ) exists, which is the case iff With the abbreviations z 0 = w 2 (X), z = w 2 (E) and 2x ′ = x + K the branch (ii) contribution has the form
where the summation is over all Seiberg-Witten basic classes x. This general form applies to both the SU (2) and the SO(3) case. In principle one could proceed to compute the branch (ii) contribution directly using localization techniques. However, in practice this requires that one starts with a suitable compactification of the moduli space of the Vafa-Witten equations in order to make the integration over the normal bundle of branch (ii) well-defined. Here we are not able to follow that path. Instead we determine the branch (ii) contribution to the partition function by a generalisation of the results of Vafa and Witten in [1] .
Partition Function for Branch (ii)
Consider the case K = n i [C i ] where the [C i ] are irreducible and disjoint. Vafa and Witten made a prediction for what we call the contribution to the partition function from branch (ii) (eq. 5.50 in [1] ): for the SU (2) case the answer is
where ε = (ε 1 , . . . , ε n ) and ε i = 0 or 1 chosen independently. Here ν = (χ + σ)/4 and χ and σ denote the Euler number and signature of the manifold, respectively. From our perspective the sum and the delta function δ 0,w 2 ( ε) can be understood as follows. What is called w 2 ( ε) in [1] is a special form of [x ′ ], so that the sum in (5.8) is over the same range as the sum (5.7). In our notation, the factorization condition has the form
and since s 2 i = s i for s i = 0 or 1, we recover the formula
given in [1] . Note also that n i=1 (g i − 1) = K · K = 2χ + 3σ.
We now propose a formula for the branch (ii) contributions on general Kähler manifolds with b + 2 ≥ 3. We replace where we used
Carefully taking into account differences in notation these formulae follow from those noted as eq. (5.40) in [1] . In comparing (6.3) with the expression (6.1) evaluated at −1/τ one finds that the first line and second line in (6.3) equal, respectively, the second and first line in (6.1) evaluated at −1/τ . The third line of (6.3) should thus be compared with the third line in (6.1) at −1/τ . The equality here may require some explanation. Performing τ → −1/τ in the third line on (6.1) one finds, with some rearrangements, that
. (6.5) We want to show that the above is identical to the third term in (6.3). A crucial property is that −x is a Seiberg-Witten basic class if x is. Note also that x ′ = 1 2 x + 1 2 K. Writinḡ x ′ = − 1 2 x + 1 2 K we have −x ′ · x ′ + 2χ + 3σ =x ′ ·x ′ , since a Seiberg-Witten basic class x satisfies x · x = 2χ + 3σ. Now the second line of (6.5) can be rewritten as
where we used n −x = (−1) ν n x and the fact that ν = (χ + σ)/4 is an integer. The Wu formula implies (−1) −z 2 +x 2 = 1, and we replace the dummy variable −x,x ′ with x, x ′ to complete the proof.
A Relation with Strings
Taubes proved that Seiberg-Witten invariants (SW) are equivalent to Gromov-Witten invariants (Gr) for a symplectic 4-manifold of simple type [15] . Here we only consider a Kähler surface. Let ξ be a non-trivial, complex line bundle over X and use ξ to define a spin c structure x = K −1 ⊗ξ 2 . Then SW (K −1 ⊗ξ 2 ) = Gr(ξ). Consider a line bundle ξ such that SW (K −1 ⊗ξ 2 ) = 0, then the Poincaré dual of c 1 (ξ) is represented by the fundamental class of an embedded, holomorphic submanifold with, say, n irreducible components. Then each component H i satisfies the adjunction formula g(H i ) = 1 + H i · H i , where g(H i ) is the genus of H i . We can define the integer multiplicities a i by writing ξ = n i=1 a i H i .
Let the canonical divisor K be given by a union of irreducible components C i with multiplicities r i , i.e K = i r i C i . The factorization of a Seiberg-Witten basic class x means that
where the s i are integers with 0 ≤ s i ≤ r i . Consequently, Taubes . (6.9) we can compute the N = 2 limit of the partition function (6.10) (the q → 0 limit since (6.10) does not depend on m). The leading terms only come from the second and the third lines and are given by
x (−1) [x ′ ]·z n x q 3ν/4 + . . . (6.12) Note that this partition function vanishes unless the dimension of the moduli space of instantons is zero. Since dim C M k = 4k − 3ν, this occurs when k = 3ν/4, thus explaining the leading term q 3ν/4 in (6.12). In fact, the expression (6.12) contains all the non-trivial information about Donaldson's invariants.
Recently an important contribution to related issues appeared in [18] . It would be fruitful to apply the physical methods of [18] to the problems addressed here. In that way one could compute the entire generating functional of the N = 2 theory with a massive adjoint hypermultiplet, and work on more general four-manifolds.
The relation between the S 1 action and the mass term of the hypermultiplet described in this paper were summarized and used by one of us (JSP) in the paper [19] . There the same sequence of perturbations N = 4, 2, 1 was used to relate the zero-dimensional reduction of the Vafa-Witten equation (N = 4) to the ADHM description of instantons (N = 2) and of torsion-free-sheaves (N = 1). Subsequently the same S 1 -action and its application to the mass perturbation of the N = 4 theory was also considered in [20] . The remaining transformation laws for the auxiliary fields H 1,0 , H 0,1 , H 2,0 , H 0 , H 0,2 can also easily be determined. The N = 4 action functional is defined by (3.14) with (3.15) and (3.16) . In the components we have a rather long and unilluminating expression. In practice the bosonic part of the action functional is sufficient. The fermionic part can easily be determined by linearizing the basic equation of localization.
